Prevalence and risk factors of non-carious cervical lesions related to occupational exposure to acid mists Abstract: This study evaluates the prevalence and risk factors of non-carious cervical lesions (NCCLs) in a Brazilian population of workers exposed and non-exposed to acid mists and chemical products. One hundred workers (46 exposed and 54 non-exposed) were evaluated in a Centro de Referência em Saúde do Trabalhador -CEREST (Worker's Health Reference Center). The workers responded to questionnaires regarding their personal information and about alcohol consumption and tobacco use. A clinical examination was conducted to evaluate the presence of NCCLs, according to WHO parameters. Statistical analyses were performed by unconditional logistic regression and multiple linear regression, with the critical level of p < 0.05. NCCLs were significantly associated with age groups (18-34, 35-44, 45-68 years). The unconditional logistic regression showed that the presence of NCCLs was better explained by age group (OR = 4.04; CI 95% 1.77-9.22) and occupational exposure to acid mists and chemical products (OR = 3.84; CI 95% 1.10-13.49), whereas the linear multiple regression revealed that NCCLs were better explained by years of smoking (p = 0.01) and age group (p = 0.04). The prevalence of NCCLs in the study population was particularly high (76.84%), and the risk factors for NCCLs were age, exposure to acid mists and smoking habit. Controlling risk factors through preventive and educative measures, allied to the use of personal protective equipment to prevent the occupational exposure to acid mists, may contribute to minimizing the prevalence of NCCLs.
Introduction
The oral cavity diseases and their risk factors involve an array of environmental, genetic, immunologic, and socio-behavioral factors, including education, oral hygiene habits, and access to dental care. Occupational or environmental exposure to acid mists is one of these factors, and it affects a large number of workers worldwide.
1 A non-carious cervical lesion (NCCL) is a non-caries related loss of tooth structure at the cementoenamel junction.
2 Multifactorial interactions are involved in its development, including erosion, abfraction and abrasion processes. 3 It is well known that exposure to acid mist can lead to dental erosion, 4, 5 
but
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studies have not been adjusted for lifestyle behaviors such as alcohol consumption and tobacco use.
It is important to detect NCCLs as early as possible in order to prevent their progression, and it is critical to determine the risk factors involved in order to adopt preventive measures. 6 Occupational and environmental exposure to acid mists may also irritate soft tissues, leading to other oral healthrelated effects such as periodontal changes and oral mucosa lesions. Furthermore, this chronic irritative process can increase the susceptibility to infections. Long-term contact with acid may promote salivary changes that favor the occurrence of periodontal disease. 7 This, in turn, may cause gingival recession and root exposure, thus contributing to tissue abrasion from manual toothbrushing. 8 Thus, the aim of this study was to evaluate the prevalence of and some of the risk factors involved in NCCLs in a Brazilian population of workers exposed and non-exposed to acid mists and chemical products.
Methodology Ethical aspects and sample selection
The study protocol was approved by the local Research Ethics Committee at the Universidade de São Paulo -USP, School of Dentistry (process number 101-11 CAAE 0113.0.017.000-11). This was a cross-sectional study conducted at a Centro de Referência em Saúde do Trabalhador -CEREST (Worker's Health Reference Center), located in the city of Guarulhos, SP, whose coverage includes 10 other nearby cities. The aim of the investigation was explained to all workers, who were asked to sign a written informed consent form prior to participation in the study. Sample selection was conducted to allow for an assessment of the DMFT (decayed, missing and filled permanent teeth) index of this worker population, irrespective of the occurrence of edentulism. However, in order to conduct the logistic and linear regression analyses and determine the prevalence ratios of NCCLs, the edentulous individuals (n = 5) were excluded from the sample. This was done because, whether they belonged or not to the risk group, edentulous individuals would not express the formation of NCCLs.
Sample size determination
The sample size was determined using the formula described in Antunes and Peres, 9 (n = z 2 x s 2 / d
2 ), considering a 95% level of confidence (z = 1.96), which was used to determine the DMFT index, and then to establish the prevalence of NCCLs among the workers.
According to the data of national surveys, 10 the standard deviation (SD) of the DMFT index in the southeast region of Brazil for the 35-44 years age group is 7.51 (s = 7.51). The error estimation (d value) was measured for 1.5 unit of the DMFT (0.5 unit for each component of the index). By using these values in the formula, we have n = (1.96) 2 x (7.51) 2 / (1.5) 2 = 96.25, so the result was rounded up to a sample size of 100 workers.
We chose to use the 35-44 years age group in the sample size calculation because, according to national epidemiological surveys, this group is the one that best represents the "workers" category. The 65-74 years age group corresponds to elderly and retired individuals, and the preceding 15-19 years age group corresponds to adolescents.
Data collection and oral examination
Data collection and oral examination was conducted by one investigator (R.A.B.) previously trained to diagnose in the department of Community Dentistry, USP. Consistency was measured by the kappa index. We obtained a value of 0.7 during the first week, but the values were higher than 0.93 in the following weeks, thus indicating substantial agreement. For each 10 workers, one was re-examined to assess intra-examiner agreement.
The workers responded to questionnaires regarding personal and social demographic information (name, age, gender, educational level, marital status), occupational information (exposure to acid mists and chemical products, income), and reason for seeking assistance at the CEREST. In an interview with the investigator, the alcohol use disorders identification test (AUDIT) 11 and the Fagerström Tolerance questionnaire 12 were used to assess alcohol consumption and nicotine dependence.
The workers classified as exposed to acid mists and chemical products were those that had been working in electroplating and metallurgical plants, welders, cleaners, and those working in product recycling. Those non-exposed to acid mists were tailors, drivers, gardeners, masons, carpenters, musicians, cooks and those working in administrative services.
All workers were submitted to a clinical dental exam, which was performed on all teeth, including third molars (if present). The DMFT index was assessed in the examination, according to WHO criteria.
Diagnostic criteria for NCCLs
The diagnostic criteria for NCCLs were location in the cervical third of the tooth, no caries, wedge-shaped lesion with sharp edges, or C-shaped lesion with rounded edges.
Statistical analyses
Frequency distribution and cross tabulation tables were constructed using Microsoft Excel 2013 (Microsoft Inc., Redmond, USA), and the data was processed using the Statistical Package for the Social Sciences (version 17.0; SPSS Inc., Chicago, USA). Unconditional logistic regression was performed to explain the presence or absence of NCCLs, and linear multiple regression was performed to explain the number of lesions, with a confidence interval of 95%.
The workers were divided into three age groups to allow a comparison with the data of the latest Brazilian national oral health survey.
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Results
One hundred workers were eligible to participate in this study. The age of the subjects ranged from 20 to 68 years old, with a mean age of 44.15 years (SD 10.30). Of the workers, 55% were males, 60% were married, 61% had not completed high school, 59% earned less than 500 dollars per month, and 46% had been exposed to acid mists and chemical products, as shown in Table 1 .
The mean DMFT index for the workers was 16.21 (SD 7.27), and it was significantly associated with age group. The mean number of NCCLs was 3.41 (SD 4.01), which corresponds to 19.44% (SD 22.80) of teeth with NCCLs, considering all teeth present in the mouth and excluding lost teeth. Of all workers analyzed, 76.84% had NCCLs. The number of NCCLs was significantly different among age groups, and increased with age in all age groups, as shown in Table 2 . In the 35-44 years age group, the numbers of NCCLs in exposed workers was significantly higher compared to non-exposed workers (p = 0.01).
Fagerström questionnaire and AUDIT test scores were not associated with age groups according to the Kruskall-Wallis test (p = 0.30 and p = 0.60, respectively), as can be seen in Table 3 . Table 4 shows that 31% were smokers, 23% were ex-smokers and 46% were non-smokers. Among smokers and ex-smokers, 22% had smoked for less than 15 years and 32%, for more than 15 years (Table 4) .
In regard to alcohol use, 56% had no drinking habit and 88% had a low dependence on alcohol use, as measured by the AUDIT test (score 0-7; Table 5 ).
The number and percentage of NCCLs were not associated with Fagerström dependence scores (p = 0.32 and p = 0.09, respectively) but were associated with years of smoking (p = 0.0006 and p = 0.0003), as shown in Table 6 . Alcohol consumption measured by the AUDIT test was not associated with NCCLs (p > 0.05) in any of the age groups.
The number of NCCLs was better explained by years of smoking (p = 0.01) and age group (p = 0.04), as revealed by multiple linear regression (Table 7) .
Unconditional logistic regression analysis was used to explain the presence or absence of NCCLS. It showed that age group (OR = 4.04; CI 95% 1.77-9.22) and occupational exposure to acid mists and chemical products (OR = 3.84; CI 95% 1.10-13.49) were associated with the presence of NCCLs, irrespective of smoking habit and alcohol consumption (Table 8) .
Discussion
The prevalence of NCCLs in this study was high, namely 19.44% of all analyzed teeth in all age groups. The rate of those affected with at least one NCCL was 76.84% of the workers examined. Tuominen et al. 4 found that 63.4% of workers exposed to acid fumes versus 37.7% of non-exposed workers had tooth surface loss. Suyama et al.
14 found a dental erosion rate of 20% among workers in Japan, and that this rate rose precipitously after 10 years of work, reaching a prevalence of 66.7% after 20 years of work. Amin et al. 15 found a prevalence of 68.85% for cervical lesions in workers exposed do acid mists in Jordan, and that this prevalence reached 91.80% when considering tooth surface loss (not lesions, just loss of enamel surface characteristics), whereas, in controls, the prevalence of cervical lesions was 41.30% and that of tooth surface loss was 69.56%. In a systematic review, Wiegand and Attin 16 found that workers exposed to acid mists are at higher risk of dental erosion compared with controls, and that there are great prevalence variations in the literature, probably due to the multiplicity of study populations, working plants and countries. In our study, the overall prevalence of NCCLs was 76.84%, being 86.04% in exposed workers and 68.51% in non-exposed workers. These values are higher than those found in international literature, when the presence of lesions is considered rather than the loss of enamel surface characteristics. The average time of employment in latest job for workers exposed to acid mists was approximately 8.6 years (CI 95% 5.86-11.44), whereas for non-exposed workers it was 9 years (CI 95% 6.35-11.75), which stresses the importance of time of exposure to acid mists at work. A reasonable explanation for these findings could be that a large number of companies in the city of Guarulhos, SP, Brazil, did not have a program to prevent environmental risks at work (PPRA) in place, implying that doses and time of exposure to acid mists could be higher than the permitted threshold limits provided by Brazilian federal law, thus affecting the prevalence of NCCLs.
In the 35-44 years age group, the Brazilian national oral survey found a mean root exposure rate of 10.59% (whether associated or not with NCCLs), 13 whereas, in the present study, this age group had a 12.54% rate of NCCLs. The reason why the presence of NCCLs was higher than in the national survey (measured in terms of root exposure) was the high prevalence of subjects exposed to acid mists and chemical products (46%) in the present study. National surveys show today that caries experience has been declining. The mean decayed component was 2.8 in 2003 versus 2.1 in 2010 among 12 year olds. The rate of missing teeth has also declined. In 2003, the mean number of missing teeth was 13.23 10 in the 35-44 years age group, but this value decreased to 7.48 in 2010. 13 As a result, the deleterious effect of tooth wear is becoming more evident, as demonstrated by the dentin hypersensitivity rate of 46% and the high prevalence of NCCLs 17 in the Brazilian population.
In agreement with previous investigations, 4, 5, 14, 15, 16, 1718 this study asserts that occupational factors, such as exposure to acid mists and chemical products, is an important contribution to the development of NCCLs, including dental erosion. The multifactorial origin of dental erosion has been accepted, but the relative contributions of the various processes remain unresolved. Lussi and Jaeggi 6 have reported on the several aspects involved in the development of NCCLs, including buffering capacity and flow rates of saliva, pH decrease, and calcium and phosphate chelation mechanisms, but alcohol use, acidic drinks and food consumption, frequency and manner of tooth brushing, regurgitation, vomiting, drugs and occupation are also important factors to take into account. Occupational and environmental exposure to acid mists may also irritate soft tissue, resulting in periodontal changes, gingival recession and oral mucosa lesions.
19 This exposure to acid mists over a long period of time (mean exposure time in the last occupational activity was approximately 9.5 years for the workers in this study) may lead to a chronic irritative process that will increase susceptibility to infections and, in the long run, promote salivary changes that contribute to the occurrence of NCCLs.
The abfraction theory, proposed by Lee and Eakle, 20 has been posited to explain the formation of NCCLs. It is based on a biomechanical theory according to which tensile stress concentration at the cervical regions of teeth, caused by tooth flexure during heavy oclusal loading, leads to micro-crack formation cervically by disrupting bonds between hidroxyapatite crystals in enamel and dentin. Hur et al. 21 analyzed 50 teeth by micro-CT, with 3D reconstruction, and showed that the abfraction theory could not fully explain the formation of NCCLs because all teeth showed tissue loss above de cementoenamel junction, providing evidence for an abrasion theory for the development of NCCLs, with the involvement of other factors such as root exposure, tooth juxtaposition, gingival contour, toothbrush firmness and toothpaste abrasivity, along with the exposure of the cementoenamel junction to toothbrush bristles during oral hygiene. This study showed that age group and occupational factors were significantly associated with the presence of NCCLs, as demonstrated by unconditional logistic regression. On the other hand, upon applying multiple linear regression, the number of NCCLs was found to be significantly associated with years of smoking and age group, although the r 2 a (adjusted r square) indicated that only 19.8% of the variation in the number of lesions was explained by the variables present in this regression model. This observation seems to support a multifactorial process in the development of NCCLs, with no clearly dominant factor. These findings are biologically plausible, in that we know that tobacco use can lead to gingival recession, 22 and thus contribute to the development of NCCLs, as supported by the abrasivity theory.
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Exposure to acid mists has already been reported to be a risk factor for oral mucosa lesions among workers without lip sealing because this increases the intensity of acid mist exposure in the mouth. 23 We believe that using the protection of personal equipment (namely masks) could prevent the action of acids in the oral cavity of workers, independently of 23 have reported periodontal attachment loss (> 4 mm) in workers exposed to acid mists, independently of age, alcohol consumption, and smoking habit, but these findings were limited to workers who did not use dental floss.
Because 88% of workers showed a low dependence on alcohol consumption in the present study, the association between this factor and NCCLs lost strength, but we should not discard future studies to further investigate potential associations between alcohol consumption and oral health.
The prevalence of NCCLs in this Brazilian population of workers was high, suggesting that it is a relatively common condition, especially a mong workers exposed to acid m ists a nd chemical products. Furthermore, we agree with a multifactorial theory for the development of NCCLs, as proposed by others. 16, 20, 21, 22, 23 In a systematic review, Wiegand and Attin 16 observed dental erosion in workers, even when the threshold limit values of exposure to acid mists were observed by companies. It may be the case that these dose and exposure-time threshold limits are unable to guarantee the oral health conditions of workers, thus indicating that further epidemiological investigations in this field are still needed to implement educative, preventive and oral health promotion strategies.
One limitation of this study is that we divided workers according to job characteristics through occupat ional a nam neses. The division was made between workers exposed to acid mists (electroplating and metallurgical plants, welders, cleaners and those working in product recycling) and those non-exposed to acid mists (tailors, drivers, gardeners, masons, carpenters, musicians, cooks and those working in administrative services). Because some companies failed to have a PPRA in place, we were unable to assess doses and time of exposure (hours per day) to acid mists, and this information could be useful to better explain the formation of NCCLs.
Our investigation can potentially explain 20% of the risk factors for NCCLs, as demonstrated by multiple linear regression, and was adjusted for tobacco use and alcohol consumption. Nevertheless, future studies are warranted using other analyses, including those that focus on factors related to occlusal loading, quality of food intake and tooth brushing forces during oral hygiene, which were not accounted for in this epidemiological investigation.
Conclusion
The prevalence of NCCLs was particularly high in the group of workers examined in this study, and the risk factors involved were age, exposure to acid mists and smoking habit. Companies are urged to monitor Brazilian workers' oral health through periodical clinical examinations, and to ensure the use of personal protection equipment and implement strategies to reduce tobacco use, in order to improve the oral health status of their employees. 
